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Conferences and Reviews
Excimer Laser Refractive Surgery

EDWARD E. MANCHE, MD, Stanford, Califomia; JONATHAN D. CARR, MD, Atlanta, Georgia;
WELDON W. HAW, MD, Stanford, Califomia; and PETER S. HERSH, MD, Newark, NewJersey

Review stimulated by publication of the epitome Photoreactive Keratectomy, (McDonnell PI, THE WESTERN JOURNAL OF MEDECINE, February
1997;166:139-140)

Excimer laser photorefractive keratectomy and excimer laser in situ keratomileusis are relatively new
treatment modalities that can be used to correct refractive errors of the eye. They are most commonly
used to correct myopia (nearsightedness) but can also be used to correct hyperopia (farsightedness)
and astigmatism. The excimer laser alters the refractive state of the eye by removing tissue from the
anterior cornea through a process known as photoablative decomposition. This process uses ultravio-
let energy from the excimer laser to disrupt chemical bonds in the cornea without causing any ther-
mal damage to surrounding tissue. The modified anterior corneal surface enables light to be focused
on the retina, thereby reducing or eliminating the dependence on glasses and contact lenses. We dis-
cuss in detail all aspects of excimer laser refractive surgery-techniques, indications and contraindica-
tions, clinical outcomes, and complications.

(Manche EE, Carr ID, Haw WW, Hersh PS. Excimer laser refractive surgery. West j Med 1998; 169:30-38)

Substantial refractive errors are present in nearly 50%
of the US population. Refractive errors cause objects

of regard to be focused either in front of or behind the
retina and result in blurred vision. These refractive
errors are typically corrected with either glasses or con-
tact lenses. About 25% of the population is nearsighted
(myopic), and about 20% is farsighted (hyperopic).1
Most of the population has no substantial refractive error
(emmetropic). About 30% of eyes with refractive errors
also have some degree of astigmatism.'

In myopia, the optical power of a resting (unaccommo-
dating) eye is too strong, and the light rays from a distant
object are focused to a point in front of the retina (Figure
1). In hyperopia, the optical power of a resting (unaccom-
modating) eye is too weak, and the light rays from a dis-
tant object are focused to a point behind the retina (Figure
2). In emmetropia, the optical power of a resting (unac-
commodating) eye is perfect, and the light rays from a dis-
tant object are focused directly onto the retina (Figure 3).
In eyes with astigmatism, the situation is slightly more
complex. In astigmatism, the anterior refracting surface of
the eye is slightly elliptical rather than spherical. This
causes light rays from a distant object to come into focus
at two discrete points in the eye (Figure 4).

Currently, two types of excimer laser surgery are
being used to reshape the cornea and thereby change the
refractive power of the eye. The first procedure is pho-
torefractive keratectomy (PRK), which involves the use
of an excimer laser to reshape the anterior comeal sur-
face.2 The PRK procedure is commonly used to correct
myopia and astigmatism. Outside the United States,
PRK has also been used to correct hyperopia, and clini-
cal trials are currently underway in the United States. In
laser in situ keratomileusis (LASIK), the excimer laser is
used to reshape the cornea under a corneal flap. In this
review, we discuss in detail all aspects of excimer laser
refractive surgery, including techniques, indications,
contraindications, clinical outcomes, and complications.

Excimer Laser Principles
The excimer laser is based on the combination of two
gases: a noble gas and halogen. These gases are stable in
their normal low-energy state. When a high-voltage elec-
trical discharge is delivered in a laser cavity containing
these gases, however, the gases combine to form a higher-
energy excited-gas state compound. The term "excimer"
is derived from a contraction of "excited dimer." On the
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dissociation of this high-energy compound, a photon of
energy is released that corresponds to the bond energy of
the noble gas-halogen molecule. This wavelength of light
energy is amplified in the laser system and results in the
production of a high-energy discrete pulse of laser energy.

The specific wavelength of an excimer laser depends on

the composition of the gases used in the laser system. The
current excimer laser systems use argon and fluorine
gases. The argon-fluorine excimer lasers emit energy at a

wavelength of 193 nm. This wavelength falls in the UV-C
range of the light spectrum. In contrast, the krypton-fluo-
ride excimer laser used in early laboratory studies emits a

wavelength of 248 nm.34
The 193-nm excimer laser energy is well absorbed by

the proteins, glycosaminoglycans, and nucleic acids that
make up the cornea. Because a 193-nm photon is of high-
er energy than the molecular bond strength of these com-
pounds, absorption of the laser energy results in a break-
ing of the bonds. The molecular fragments that thus
result are ejected from the surface of the cornea at super-

sonic speeds. The excimer laser tissue removal process is
termed "ablative photodecomposition," and it involves
the removal of tissue from the corneal surface, rather
than cutting tissue like a scalpel. When this procedure is
used clinically, the ablated tissue appears as an effluent
plume. Analysis of this plume has shown it to comprise
a variety of high-molecular-weight hydrocarbons.5

Currently approved lasers have beam diameters of 6.0
to 6.5 mm. Wherever this broad beam impinges on tissue,
molecular bonds will be broken and tissue removed.
Hence, relatively large areas of the cornea can be treated
with each pulse. The excimer laser technique is, thus,
qualitatively different from refractive surgical techniques
such as radial keratotomy, which achieves corneal

Hyperopic

Figure 2.-The ray diagram of a hyperopic eye shows that the

refracting power of the eye is too weak. The light rays from a

distant object focus to a point behind the retina.

Myopic

Figure 1.-The ray diagram of a myopic eye shows that the
refracting power of the eye is too strong. The light rays from a

distant object focus to a point in front of the retina.

reshaping through biomechanical changes mediated
through thin knife incisions.

Several attributes of the argon-fluoride excimer laser
ablation make it particularly appropriate for corneal
sculpting. The laser energy is well absorbed near the
corneal surface and, thus, should have few deep direct or

secondary mechanical (shock-wave) effects on the
corneal tissue. The ablation process is rapid, and excess

energy is ejected with the effluent plume.6 There is min-
imal thermal damage to the surrounding tissue. Because
of these qualities, the 193-nm excimer laser can be used
to meticulously reshape large areas of the corneal sur-

face while minimizing damage to remaining tissue.4
Although apparently relatively little "collateral"

damage occurs to the corneal tissue with excimer laser
treatment, corneal wound healing remains a major vari-
able affecting clinical outcomes. Corneal wound healing
includes epithelial healing over the ablated area7 and
new collagen synthesis in the superficial stroma in the
area of photoablation.8 Such wound healing likely
accounts for between-patient variation in treatment
results. The corneal wound healing that does occur

appears to result in acceptable clinical outcomes.
There is concern about the potential for mutagenesis

or carcinogenesis with any laser radiation, especially in

Emmetropic

Figure 3.-The ray diagram of an emmetropic eye shows that

the refracting power of the eye is perfect. The light rays from a

distant object focus directly on the retina.

ABBREVIATIONS USED IN TEXT
D = diopters
LASIK = laser in situ keratomileusis
PRK = photorefractive keratectomy
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Astigmatism

Figure 4.-The ray diagram of an astigmatic eye shows that in
astigmatism, the anterior refracting surface of the eye is slightly
elliptical rather than spherical. This causes light rays from a dis-
tant object to focus at 2 discrete points in the eye.

the ultraviolet light spectrum. Studies have been done
showing that the 193-nm excimer laser is neither muta-
genic nor carcinogenic.9'10 This may be in part a result of
shielding of the nucleus by the cell's cytoplasm.

Indications and Contraindications for PRK and
LASIK
Currently, the use of PRK and LASIK to treat low to
moderate myopia is approved in the United States. This
includes for patients older than 18 years with refractive
errors ranging from (1.0 to (12.0 diopters (D) of myopia.
As much as 4 D of astigmatism can be corrected at the
same time. Studies ofPRK and LASIK for the treatment
of moderate and high myopia are currently ongoing.

Preoperative patient evaluation is of utmost impor-
tance in determining eligibility for the PRK and LASIK
procedures. Such an evaluation should include multiple
refractions and a complete refractive history. Both sub-
jective and cycloplegic refractions should be obtained,
and the surgeon must be assured that the refraction is
stable. This can be ascertained by reviewing the patien-
t's medical record, inspecting old glasses, and checking
refraction more than once.
A thorough medical and ocular history and a complete

ocular examination are necessary to ensure the selection
of suitable candidates for PRK and LASIK. Systemic
conditions that are an absolute contraindication for PRK
and LASIK include collagen vascular diseases such as
rheumatoid arthritis, systemic lupus erythematosus, and
polyarteritis nodosa because of the risk of inflammatory
wound healing following PRK. Relative medical con-
traindications to PRK and LASIK include immunodefi-
ciency of any cause because of the risk of aberrant wound
healing and a predisposition to infection and diabetes
mellitus because of the tendency for the refraction to
fluctuate with the blood glucose level and a possible dif-
ficulty in healing corneal epithelial defects. Pregnant or
nursing women are excluded because of possible insta-
bility of their refractive error. Eye-specific absolute con-
traindications include ocular surface disorders with antic-

TABLE --Advantages and Disadvantages of auser In Ssts
atomileusis Versus Photorefractive Keratecdtomy (PRK

Acivantages
Rapid visual rehabilitati0n
Minimal pain or cdiscomztoi
Low incidence of haze
Intact Bowman's mrembrane arnd epithelinis
More predictable with 'l-igh levels of myopisl
Disadvantages
Mvore serious potential ompiicaions
More difficult to performn tharl PRK
Steep surgical learninga curv
More costly
Possible maintenance prolblems with ir>trUnllet'cnl t-

ipated comeal healing problems such as the Stevens-
Johnson syndrome, cicatricial ocular pemphigoid, and
prior chemical comeal bums. Patients with keratoconus
and other ectatic comeal dystrophies often present to a
refractive surgeon because of poor vision with spectacles
and contact lenses. These conditions are an absolute con-
traindication for refractive surgery and should be identi-
fied during preoperative screening with the aid of com-
puterized comeal topographic analysis.'-13 Patients with
evolving cataracts should also be excluded if cataract
extraction is anticipated because appropriate selection of
the intraocular lens power at the time of cataract extrac-
tion would obviate the need for PRK and LASIK. A his-
tory of herpes simplex keratitis is a relative contraindica-
tion because of the risk of the reactivation of keratitis fol-
lowing PRK and LASIK.4'15

Further investigation will help to identify preopera-
tive characteristics associated with the outcome of PRK
and LASIK. Aging of the patient and higher attempted
PRK corrections have been shown to be independent
preoperative characteristics associated with less likeli-
hood of 20/40 uncorrected visual acuity and overcorrec-
tion postoperatively.16 Clearly more research in this area
is warranted.

Having established a patient's suitability for PRK and
LASIK, appropriate informed consent is required, as in
any surgical procedure. Such informed consent should
delineate both the possible optical (such as glare or halo)
and physical (such as scarring) complications of the pro-
cedure. The patient should also have a realistic expectation
of the refractive outcome and understand that no refractive
procedure can absolutely guarantee "perfect" vision.

Mechanisms of Laser Delivery
The clinical excimer laser comprises the following com-
ponents: gases, power source, laser cavity, beam-form-
ing optics, delivery system, aiming system, and surgical
microscope.

For most current excimer laser systems, the initial pulse
delivered from the laser cavity is a broad rectangular beam
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of irregular energy level. For clinical use, this beam needs
to be homogenized to yield a consistent energy over the
entire delivery area. In the absence of a smooth and con-
sistent beam energy, ablation rates could vary over the
treatment area. In addition, the beam needs to be masked
in two dimensions to the appropriate size and shape. Such
beam homogenization and shaping are accomplished
through a number of beam-shaping optics in the optical
train of the laser. In addition, a diaphragm17 interposed
within this optical train masks the beam, causing it to be
delivered as a circular spot of chosen diameter.

Current excimer lasers in clinical use operate at ener-
gy levels of about 160 to 180 millijoules (mJ) and a pulse
rate of 5 to 10 pulses per second. The expected ablation
rate of comeal tissue averages approximately 0.25 (m per
pulse for a laser operating at 180 mJ per cm2.1120

To achieve refractive correction, the excimer laser
energy is applied to the patient's cornea in a controlled
manner to sculpt the appropriate tissue lens from the
comeal surface for refractive corrections. This is accom-
plished in most units by a diaphragm interposed in the
optical rail of the system, which expands as the treat-
ment proceeds. Consecutively less tissue is thus
removed from the center to the periphery of the ablation
zone, with consequent flattening of the comeal surface.
The pace of diaphragm opening and the duration of the
procedure are determined by variables programmed into
the laser's computer control.

Other strategies have been and are currently being
developed to sculpt the comeal surface for refractive com-
puter control. An ablatable mask (Summit Technology,
Waltham, MA) is a polymethylmethacrylate lens inter-
posed between the laser and the patient.23' This mask is
progressively ablated by the incoming laser beam. A con-
cave mask is thus completely ablated centrally before
peripherally. As the mask shield to the incoming beam is
progressively ablated away, the optical power of the mask
is transferred to the comeal surface. A toric mask can also
be used to treat myopic astigmatism. Other laser strategies
include a small scanning beam (such as Laser Sight,
Orlando, FL) or a scanning slit (such as Nidek, Gamagori,
Japan) that can be programmed to properly ablate the
desired tissue. Strategies for correcting astigmatism
include the ablatable mask, expandable slits (correcting
cylindrical errors), and elliptical diaphragms for toric
ablations. In all such lasers, the goal is to remove a sphe-
rocylindrical tissue lens from the comeal surface.

Another important factor in the development of the
clinical excimer laser system is the modality of laser-eye
coupling. Some investigators initially used a variety of
handheld fixation devices and suction rings to stabilize a
patient's eye. The manual fixation techniques have been
abandoned, and the procedure is performed using simple
patient fixation, directing the patient to fixate on a target
coaxial with the incoming laser beam. Self-fixation
yields better centration of the procedure than does actu-
al physical fixation of the eye.25 More recently, laser-eye
coupling has been achieved by a variety of eye-tracking
devices that have been developed to allow the laser to

follow the eye in real time, thus minimizing the effects
of eye movements during the procedure.

PRK Procedure and Postoperative Management
Preoperatively, the operative eye is labeled, and the con-
tralateral eye is patched. This is to ensure that the patient
maintains fixation with the operative eye and does not
inadvertently fixate with the fellow eye. The refractive
correction is confirned. Mild sedation may be given to
the patient before the operation. The patient is positioned
on the excimer laser chair. A topical anesthetic is applied
in multiple applications, and then a lid speculum is
placed. The surgeon should ensure that the patient is com-
fortable and able to cooperate during the treatment. The
patient is then properly aligned under the microscope of
the excimer laser. In general, the patient is asked to fixate
on a light that is coaxial with the incoming laser beam.
The patient should then be reassured about the snapping
sound of the laser and the odor associated with the abla-
tion of comeal tissue. A round optical zone marker is used
to mark the border of epithelium to be debrided. The
epithelium is then carefully removed using one of a vari-
ety of methods, including manual scraping, rotating
brushes, or the excimer laser itself (transepithelial tech-
nique). With all techniques, care is taken not to damage
Bowman's layer. Moreover, the basal epithelial cells must
be meticulously removed because residual epithelium
would block the incoming beam and lead to uneven abla-
tion. On the removal of epithelium-generally about 7
mm in diameter to accommodate a 6.0- to 6.5-mm laser
optical zone size-centration is assured and the foot pedal
of the laser depressed. A typical treatment may take
approximately 200 laser pulses, 20 seconds at 10 Hz or 40
seconds at 5 Hz.

At the end of the procedure, a combination antibiotic
and steroid solution, a topical nonsteroidal drop, and a
bandage contact lens are placed in the patient's eye. The
use of topical nonsteroidal anti-inflammatory agents and
soft contact lenses have been shown to decrease postop-
erative pain following PRK.26 Patients may be given oral
nonsteroidal agents or narcotics and sleeping medications
to make their first night comfortable. The patient is
observed closely until the epithelium is healed, generally
by 72 hours. On epithelial healing, a tapering regimen of
corticosteroids is generally used for the first several
months. The necessity and appropriate use of steroids
remains a matter of controversy. A randomized double-
masked study of the use of topical corticosteroid after
PRK failed to show a sustained benefit compared with
placebo after the cessation of therapy.27 Other authors,
however, have reported a significant role for topical corti-
costeroids in modulating postoperative wound healing.28
Further studies may clarify the specific role of topical cor-
ticosteroid use in the postoperative management of PRK.

Clinical Results
The excimer laser underwent extensive clinical studies
in the United States for about six years before receiving
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approval by the Food and Drug Administration in Octo-
ber 1995. The initial studies focused on the correction of
myopia in the range of 1.0 to 7.75 D.9-31 Other investi-
gators have looked at the use of the excimer laser for the
correction of higher myopia32-38 and astigma-
tism.21'23'3941 For a refractive procedure such as PRK,
there are four important indices of outcome: the likely
postoperative uncorrected visual acuity and predictabil-
ity, stability, and safety of the procedure.
A general review of the literature shows uncorrected

visual acuity following PRK in patients with lower
degrees of myopia to range from 80% to 95% of patients
with uncorrected visual acuity of 20/40 or better and
50% to 70% of patients at 20/20 or better. Recent stud-
ies report better results than investigations in the earlier
phases of clinical excimer development, suggesting
improvement of the PRK procedure. In phase III clinical
trials, for instance, the use of Summit and VISX, Inc.
(Santa Clara, CA) resulted in uncorrected visual acuities
of 20/40 in more than 95% of eyes.2931

The predictability of PRK is an indication of the
refractive accuracy and is usually reported as the per-
centage of eyes achieving a correction within (0.50 D (or
(1.00 D) of the desired refractive correction. For low
myopia, about half of patients fall within 0.5 D of
attempted correction, about three quarters of patients
within 1.0 D, and about 95% of patients within 2 D of
attempted correction. Studies of higher degrees of
myopia show somewhat less predictability and postop-
erative uncorrected vision.32-38

Stability data for PRK are important for two reasons.
The interval between the surgical procedure and a sta-
ble refraction allows the determination of the earliest
reasonable time when reoperation might be considered
for residual refractive errors. The long-term stability
data for refractive surgical procedures allow accurate
refractive correction with minimal risk of future large
changes in refraction. For example, ten-year postopera-
tive radial keratotomy data have shown that a propor-
tion of patients became hyperopic long after their orig-
inal operation to reduce myopia.42 Studies of PRK, to
date, have not shown this progressive hyperopia effect.
In the early wound healing phase, many patients who
have had excimer laser therapy regress somewhat,
appearing to plateau at a relatively stable correction
after about six months. Such stabilization may take
longer in patients with higher diopter corrections. Sta-
bility and ultimate outcome may be affected by a
patient's wound healing pattern. Most patients follow
the typical pattern of slight regression early in the
course, with subsequent stabilization. Better under-
standing of the individual wound healing response may
suggest pharmacologic interventions to modulate the
outcome following PRK.

Safety is typically reported as the percentage of eyes
losing two or more lines of best spectacle-corrected
visual acuity on the Snellen chart as the result of surgi-
cal treatment. In a recent report of the outcome of PRK
for low, moderate, and high myopia in 504 eyes,36 for

myopia below (5.00 D, 4% of eyes lost two or more lines
of best-corrected visual acuity; for myopia of between
(5.00 and (10.00 D, 8% of eyes lost two or more lines;
and for PRK above (10.00 D, 22% of eyes lost two or
more lines of best spectacle-corrected visual acuity. The
increased loss of best-corrected visual acuity observed
with PRK corrections of high myopia is usually attrib-
uted to scarring. Future refinements in PRK laser abla-
tion may reduce the likelihood of this complication.

Excimer laser PRK has also been used following
other refractive surgical procedures such as radial kera-
totomy. Eyes with residual refractive errors following
refractive keratotomy have been treated with the
excimer laser to achieve better correction. In a large,
prospective, multicenter clinical trial to evaluate the
safety and efficacy ofPRK following previous refractive
surgery (primarily refractive keratotomy),43 there was a
high incidence of postoperative corneal scarring and loss
of best spectacle-corrected visual acuity. Consequently,
PRK should probably not be performed in eyes previ-
ously treated with refractive keratotomy.

Complications
Complications of refractive surgical procedures such as
PRK and LASIK can be considered primarily optical or
"physical." Optical complications include glare, halo,
decreased contrast sensitivity, and diplopia. Glare and
halo symptoms are likely due to the optical effects of
light passing through the border between centrally treat-
ed and peripherally untreated cornea. An eye with a
larger pupil would be more likely to manifest the symp-
toms of glare and halo, especially at night when the
pupillary diameter is greatest.

Physical complications of PRK and LASIK include
scarring, microbial keratitis, and sterile keratitis (infil-
trates). Some degree of corneal wound healing after PRK
is indicative of anticipated corneal wound healing. More
substantial haze and scarring indicate aggressive wound
healing and may lead to the regression of effect and loss
of best spectacle-corrected visual acuity, as well as opti-
cal effects such as decreased contrast sensitivity, diplop-
ia, glare, and halo. Corneal haze typically decreases dur-
ing the first 12 months following PRK. Microbial kerati-
tis is an unlikely complication of refractive surgical pro-
cedures in general and has been reported to occur in 1 of
2,400 cases of refractive keratotomy.4 It requires imme-
diate culture of corneal scrapings and intensive topical
therapy with fortified broad-spectrum antibiotics. Scar-
ring following the resolution of infection may limit best
spectacle-corrected visual acuity and might in theory
require corneal transplantation. Since the use of soft con-
tact lenses and topical nonsteroidal anti-inflammatory
medications to ameliorate pain during the initial 72 hours
after PRK, the occurrence of sterile infiltrates has been
reported,26A5A46 which poses a diagnostic dilemma to oph-
thalmologists. Therapy for such sterile infiltrates
includes the use of topical corticosteroids, which might
exacerbate a case of unrecognized microbial keratitis. It
is imperative, therefore, that microbial keratitis be ruled
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out before the use of topical corticosteroids is contem-
plated for postoperative subepithelial infiltrates.

Correction of Astigmatism
Multiple studies have demonstrated the safety and effi-
cacy of using the excimer laser to correct myopic astig-
matism.47-55 This procedure is labeled toric PRK or pho-
toastigmatic refractive keratectomy and involves prefer-
ential reshaping of the cornea along a specified axis by
either a nonspherical (elliptical) ablation or an ablatable
mask. With current nomograms, 44% to 94% of cases of
astigmatism can be corrected,47-4951-53 and 55% to 93%
of eyes have an uncorrected visual acuity of 20/40 or
better.47'48'51-56

In a Food and Drug Administration phase Ill clinical
trial evaluating the safety and efficacy of photoastigmat-
ic keratectomy using the Summit Apex Plus excimer
laser in 93 eyes, a 90% reduction in compound myopia
(spherical equivalent) and a 64% reduction in myopic
astigmatism were seen at one-year follow-up.56 In these
patients, 81% of eyes were within 1.0 D of attempted
correction, and 93% had an uncorrected visual acuity of
20/40 or better. Five percent lost more than two lines of
best spectacle-corrected visual acuity. All eyes with haze
had 20/20 or better best-corrected visual acuity. Contrast
sensitivity function was temporarily diminished but
retumed to preoperative levels by 6 to 12 months.57

Excimer Laser In Situ Keratomileusis
During recent years, LASIK has become the procedure
of choice for moderate to high levels of myopia among
refractive surgeons. This procedure combines the devel-
opments made in lamellar surgery during the past 50
years with the technology and accuracy of the excimer
laser. It involves the use of a microkeratome to create a
superficial comeal flap, subsequent stromal ablation of
the exposed comeal bed with the excimer laser, and
repositioning of the comeal flap.

Historically, the foundation for LASIK is largely cred-
ited to Jose Ignacio Barraquer, MD. In the late 1940s,
Barraquer performed freehand lamellar dissection in con-
junction with the excision of stroma . Since then, many
refinements have been made in lamellar surgery, includ-
ing the use of the automated microkeratome and the
development of the excimer laser. In 1988, Pallikaris ini-
tiated the use of the excimer laser in studies on rabbit
eyes.58 This led to his investigation of the laser in sight-
ed human eyes in 1991. Many recent studies have
demonstrated the effectiveness of LASIK in reducing
myopia.5W75 Currently, LASIK is performed on hundreds
of thousands of people with myopia worldwide.

Patient Selection

Typically, LASIK had been used for moderate to high
levels of myopia (4.0 to 16.0 D) in which PRK may
yield suboptimal results. With improvements in surgical
techniques and stable visual outcomes reported follow-

ing LASIK, however, it is now being successfully used
by many refractive surgeons to treat the low-level range
of myopia as well.61'62 As with PRK, patients must be
older than 18 years, demonstrate stability in cycloplegic
refraction for at least 12 months, and have a central
corneal thickness not less than 500 (m for myopia less
than 10 D and not less than 550 (m for myopia of 10 to
16 D. Patients with as much as 7.0 D of hyperopia and
7.0 D of astigmatism may also be candidates.65

Absolute contraindications include eyes with corneal
disorder in shape, thickness, or inflammatory status.
Thus, eyes with keratoconus; corneal ectasias; and
corneas that are thin, active, or that have been recently
inflamed (that is, with herpetic keratitis) should be
excluded. Relative contraindications include patients
with systemic vasculitis, autoimmune disease, collagen
disorders, and diabetes mellitus or other states with
abnormal healing. In addition, in monocular patients,
patients with unstable precorneal tear film such as in the
sicca syndrome, and those with endothelial counts of
less than 1,500 cells, the procedure should also be con-
sidered as relatively contraindicated.

Technique

After patient education and informed consent, a topical
antibiotic drop and a topical anesthetic (proparacaine
hydrochloride, 0.5% solution) are placed in the eye.
After the patient is prepared and draped, a wire-lid
speculum is placed in the operated eye. A LASIK mark-
er is used to facilitate appropriate realignment of the
flap. A LASIK pneumatic suction ring is placed on the
eye, and the intraocular pressure is raised to greater than
65 mm of mercury. The microkeratome is positioned on
its tracks and used to resect a 130- to 180-(m corneal
flap with a 300-degree circumference. Depending on the
type of microkeratome, the corneal flap may be hinged
along the nasal or superior border of the cornea.

Using a spatula or a forcep, the flap is elevated along
its hinged border, and the excimer laser is used to pho-
toablate the stromal bed. The stromal bed is irrigated with
an isotonic sodium chloride solution, and the flap is reap-
proximated using the corresponding epithelial markings
of the flap and the limbus created by the LASIK marker.
Drying the cut edges and allowing the cornea to set for
approximately 2 to 5 minutes allows the flap to adhere to
the underlying stromal bed without the need for sutures.
The lid speculum and drapes are removed, and the adher-
ence of the flap is assessed by asking the patient to blink.

Postoperatively, patients may wear a transparent eye
shield and are asked to refrain from rubbing their eyes.
They are given a short course of topical broad-spectrum
antibiotics, topical steroids, and artificial tears. Patients
are observed on the first postoperative day and regular-
ly thereafter at the discretion of the refraction surgeon.

Clinical Results

Early Summit phase I investigations on excimer laser
myopic keratomileusis yielded promising results. In six-
month results on 47 eyes, 16 (34%) had an uncorrected
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visual acuity of 20/25 or better, and 31 (66%) had 20/40
or better.75 Since then, several recent studies have demon-
strated the safety, stability, predictability, and efficacy of
LASIK in reducing myopia.59-75 With current technology
and nomograms, uncorrected visual acuity on the first day
following the surgical procedure is 20/40 or better in 86%
of patients with low myopia and astigmatism.60 With
longer follow-up, a review of current literature demon-
strates an uncorrected visual acuity of 20/20 or better in
30% to 80%60,62,63,71,74 of eyes and 20/40 or better in about
70% to 90% of eyes.60'62'74 The results vary depending on
the level of preoperative myopia.65

Because LASIK is typically used to correct higher
levels of myopia, consideration of the preoperative level
of myopia and attempted correction should be noted
before comparing results of PRK with those of LASIK
in the current literature. In a recent study comparing
PRK with LASIK in the treatment of low to moderate
amounts of myopia ((1.25 to -6.00 D), at one-year fol-
low-up, 83% (85/103 eyes) of eyes undergoing LASIK
had an uncorrected visual acuity of 20/20 compared with
72% (221/307 eyes) of eyes treated with PRK.63

Predictability is also an important indicator of
refractive surgical outcome. With the use of LASIK,
81% to 89% of eyes are within (1.0 D of attempted cor-
rection.59'063 Predictability, however, decreases with
increasing level of myopia.62 In higher levels of
myopia, 60% to 78% of eyes are within (1.0 D of
attempted correction. 59,62,66,68,77

As with PRK, there may be a subtle loss in contrast sen-
sitivity following LASIK. This is measurable only with rig-
orous testing. These subtle losses, however, may return to
preoperative states 3 months after LASIK and 6 to 12
months after PRK.62 In addition, there may be some regres-
sion (about 0.5 D) within three months after LASIK. High-
er levels of myopia may lead to a further regression.56

The LASIK procedure offers several advantages over
PRK (Table 1). Unlike the extended postoperative
recovery period after PRK, there is rapid visual rehabil-
itation after LASIK. On the first postoperative day fol-
lowing LASIK, 61% to 80% of patients will have uncor-
rected visual acuity of 20/40 or better, depending on the
level of myopia.58 In addition, patients usually have only
mild irritative symptoms or foreign body sensation
immediately following LASIK. Unlike with PRK, the
incidence of corneal scarring and haze are substantially
reduced after LASIK.7'72

Complications may occur following LASIK, howev-
er. The most common complication is undercorrection.
As in any refractive surgical procedure, all patients
should be educated about the procedure and have a real-
istic perception of the surgical outcome. In most cases,
retreatment of undercorrection is straightforward and
yields good results.67 The most serious complications
can occur during the creation of the corneal flap. Perfo-
ration into the anterior chamber with the microkeratome,
with resultant intraocular damage to the lens, ciliary
body, and iris has been reported. Mechanical complica-
tions may also arise: loss of suction, microkeratome

malfunction, and poor surgical technique. This can
result in a number of flap complications, including an
irregular flap, complete excision of the flap with a resul-
tant free flap, too thin a flap, too thick a flap, a button-
holed flap, and wrinkles in the flap. Raising the intraoc-
ular pressure during the intraoperative phase may also
result in retinal hemorrhages and vein occlusions.

The loss of best spectacle-corrected visual acuity of
more than one line of Snellen visual acuity may occur in
0% to 8.8 % of eyes undergoing LASIK.59'6872,74'75 This
may result from irregular astigmatism, progressive myopic
maculopathy, epithelial ingrowth, or other complications.

The limitations of surface refractive techniques such
as PRK have led to the evolution of more complicated
lamellar surgical procedures such as LASIK. This pro-
cedure is technically demanding and has a steep surgical
learning curve. In expert hands, however, LASIK may
be more effective than PRK in the treatment of moder-
ate to high-level myopia with shorter postoperative visu-
al rehabilitation, earlier stable and predictable outcomes,
and less corneal haze.63'75 Refinements in the microker-
atomes, technology, software, and techniques will lead
to further improvements in the precision of LASIK for
the treatment of refractive error.

Conclusions
Modem excimer laser refractive surgery is an exciting
field of medicine that provides ophthalmologists with a
tool to lessen or eliminate patients' dependence on glasses
and contact lenses. The field is a dynamic one with the
introduction of newer, more advanced technology and sur-
gical techniques at a rapid pace. These advances should
enable refractive surgeons to treat patients with higher lev-
els of nearsightedness, astigmatism, and hyperopia in the
near future. As the technology and techniques improve, we
should develop a better understanding of the importance of
laser-tissue interactions, comeal wound healing, and the
role of pharmacologic agents in modulating refractive out-
comes. These advances should allow PRK and LASIK to
become more predictable with fewer complications.
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